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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a predetermined testing apparatus by 
connecting a memory output selectively to a parallel output bus having a second 
count of bits smaller than a first count of bits and making the total count of bits of 
the selected output larger than the second count of bits. 

SOLUTION: A memory-testing apparatus 22 is integrally formed on a circuit 10 
together with other elements. A test signal D TST comprises an 8-bit word. When an 
input width of a RAM 16 is larger than 8 bits, the test signal is connected thereby to 
generate a width required by the circuit. An output signal D OUT from the RAM 16 
has a width possibly larger than 8 bits. A specified RAM output data signal D OUT of 
an 8-bit byte is output by testing the apparatus 22 at one time. The total count of 
bits of an output signal TST. OUT is larger than a count of bits (64) of an output signal 
DRAM.DO. A multiplexer 44 has a function to multiplex these signals serially in time. 
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64tf7b7£5 0 £©ffl&£<fc»^ RAMI 6MR 

OM 1 8 a, ^77/-7°fc)ttf Sff^T S T OU T© 

^{*© tr 7 b $imt! 7- bll ( 6 4 If 7 b ) «fc D fe A 
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S.<ft5ftv£5fc^ 4o©^;b-7°tc^fiJ$n§c 2 

0 8/4 = 5 2tf$S^6^ 4 0©?;b-7°W\ 2 6© 

* t v tftis-r « © t+^-es 5 o 
[0 0 4 5] HIMi o ©a#©i&frz?Hu Iit7* 

- 77Wf if TST_ENttn-KaD > X^ 7 f- V 9 ' 
n-7b3 4©x';l/77V7^3 6, 4 0Hu Mft©S 
fgfl^ itS2 0^e>RAMl 6 r-7ffl 

^D_oum im.2 ofc#^en5 0 ffl*D_ou 

TiiS/c77 77y7 ! ~- 3.-7 b 3 4©v;l/77V7-9- 

[0 0 4 6] 0ggl 0©RAM1 6M~ROMl 8&U 

Sll- 7 b 3 0 t, i®7*-77Wf^T S T E N 

£/W£tS*Xb • 7y^-7x-72 8^/>LT, 
^*&nSo ^tltiD, 7777y7'-a-7b3 4 
©v;l/77°77^3 6, 4 0 fct ai|^D_TS7 
WE_TST\ ADDR_TST£\ RAM16fc88ft 

[0047] iiKr-7a, nm-mm2 \^ 

^S«2 2tC> *Xb • 775-7x-7 2 8^L 
T-^7ue»n§ 0 777-7x-X2 8«, READff 
^ WRITER 8tf7b©7b>X^ADD 
R , Jkl$ 8 If 7 b ©r- 7ff ^ D_ I N D , 8 
tf7 b©r-7ff^H_DATA, /WRtfn-©8.v: 
7b7b>Xff^H_DADDR (H) 'i^ll DAD 
DR (L) , Stft ££WfH_W'R^ ^tlfcjS^ 
LT, ^S«2 2K4x.5 0 r-^#D_INli > 
fflffim2 2K ±a©i^tat©ff^iS©^7 7 7 

[0 0 4 8] SaWIfiJIPt J: '7 MSB 2 2 
7>7-7x-X2 8fr&©HTO!tiILT, IH'i*? 

3 2 1 1 If 7 b ©7 b ^Xfitff € A D D R T S 

T (tf7b0fr5l 0) , 2tf7b©?;l/-7°jiMf^ 
MEM_P I NS (H'7b 1 l&tfl 2) , 
fl€MEM_CODE (tT 7 b 1 3^6 1 7) , 4^© 

1 tf 7 him^ts 1 8 tr 7 b©7- tH'itSo 

Si)ifif[Ilf7bAUT0_I NC, RAMfr^ 
tBLlf 7 b R AM_R EAD V R AMt^jA^lf 7 b R 
AM_WR ITE, JkmiWi^^-^h • tT 7 b T S T 

_ENm cftt><Di$m&, mAicmMzftt^ 

So 

[0 0 4 9] SOib S2, &tfS3B^ fg^©RA 
Ml 6^H©<fcdt»§iAStls feSV>B$^ «t 
(u n 1 s o n) f Sa$tlS*^tTV>S 0 

[0 0 5 0] 

[gl] 



HE TST ASSERTED 



rr04xl36a. 



WE TST ASSERTED 



rr80xllx 



[0 0 5 2] 



[S3] 



RAM 16 


MEM^CODE 


WE_TST ASSERTED 




1_1011 


t£L 




1_1100 


ti L 




1_1101 






1_1110 






1_1111 





[0 0 5 3] oCDg^a, TWRITE ENABLE 1( 
ASSERTED] (#?j&2fM'*-7;i/ • 
F) On7iit 2 4 OR AM 1 6<D*}-{ XJtV 7> F L 
Tl/^a 1^.11 RAMI 6—1 5%tSt> llTt 

rBRAM*SbTV>SS«, |1©S(64)& RA 
Ml 6-1 5©^ (7-F3U£7FUXST|^*y 
{4B©$0 "PSD, fifJ77£\ f!2©i5c (1 6) tt, RA 
Ml 6- 1 5©ipS (7-F37c9©tfy F$0 "PS So 
i^}A&^-7;Wf^WE_T S Ttt, rX h • r- 
£D_T S T%4%.~-?)VLX, 7 F UX A D D R_T 
ST'lcWS^tSRAMi 6£»ta$€S<, 2( 

[0 0 5 4] RAMI 6£fflg[J£«§£ifrfcJ6£&> M 
E M_ C 0 D E ff ^ ti\ * * U 1MI € L T flj^ 6 ft 
T, )T^t5#§jA^X h P-77JjWE_T S T£7 
^■-htSo ±©S©®2 037i*tt, W?ft©RA 
M 1 6 IcMt % M E M_ C 0 D E fl^©/ U t V ft£ U 
XFLT^So W*fc?, 0_0 0 1 0 (r>v;F2) © 
MEM_C0DE&, ttjA^UiR AMI 6-2 (r 

r 0 4 X 1 3 6) ffi©t^T©R AMtt?B» 

$nsc 

[0 0 5 5] MEM_C0DE©## 1_1 1 1 1 3( 

a, f^T©RAMi 6a7-9--h?n, nmatmc 
[0 0 5 6] ±a©«K5fc, ^y • 7F^xaddr 

_TSm, -T^T©RAM1 6tROMl 8 



<ti>F/c«\ 4 : O&Mtf 3fe©&£3 0 

[0 0 5 7] Jl^n/cR AMti^EStlS^r- 
?tts 8t±> F©*XF • ^fy^-7x-X2 8©A^J 
D_I N^LT<S 0 Mf|ltfyFTEST_EN£V\ 
r-X«, Sgfc, ^SfSRAM 
1 6fc86ft5o 8ti> F cfcD&fM©j£^r-XA*£ 
t-TS-RAMK^LTtt, H_DAT Af-^ • tf y F 

[0 0 5 8] WE' y F R A M„WR I T E fcV vf 
§ h tlcli, UR£ft£»£&#X F a-7*fe Sfc/vf 
fcftt), H_DATA£lK£ft/c7F^Xk:f§jA 
fr 0 MHl£ 7 F A U T 0_ I N C R E M E N T_A D D 
RE S St>&rc7ZTj7"C$>%t%KlZ, A D D R _ 

Ts-Tiu, mmc %<o7 YisxicmatZo- £© 

1 6©&7F^X£«t&&, fr£fc7-.K£#*ny 

[0 0 5 9] RAMI 6 ROM 1 8t©H^f±lLK^ 
i^Ttt, WE_T S Tff^tfn-fcftS^ MEM_C 
ODE*VUHMI^BYTE_S E LtLTffl^S 
ft, ;^y ©4-J>©X;J/-7°©f : F J © 1 "Dt)\ MEM_P 

i Nsfi^ffl^TS^^nSo *©g4^ ^y^ 

if© J; "3 £ Xtc^fiJ^ft, MEM_PINS^ffl 
i^TlK£ft?>frM?LTI^o ZOOROMl 8 
tt, 1 8- 1 (6 4 0X2 0) Rtfl 8-2 (2KX6 
2) t LT y X F £ftTVS 0 
[0 0 6 0] 

[H4] 



[0 0 6 1] MEM_P I N.S = 0 0"C&5fc£fc^ S 50 4 ©^ 2 ©n^Atfc'tfS^ 'J ©8 tfy F©tB^ 
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V)]rf--7]/9V4 4K£-oT-> 6 4 If 7 h©ffl^j##D 
_0UT©8tf7E©ffl£©8O©^-7°£LT, W 

jR^nSo M E M P INS = 0 ll?&S£tfca, ® 

3©3^2>t:j3tfS^y©ffl7j£«£ftS, 3fT?& 
S 0 £©<fc5JcLT, 2 0 8©ffl7Jtf7E-a, 6 4tf7 
E- "To© 4 O © 7*;l>- 7* Tf 7° V 7 7s * fttttff £ ft 

So 

[0 0 6 2] M E M P I NS©6^>©fiiafflt,^ft& 

^c^iiit^t$s„ ctia, «rftTKSK 
4 x 8 = 3 2 ©^ u %imu m w 

T\ HIMl (Mi 2 GfflKDttVftZf&z, 

[0063] **v<d7)\,-~?&s mmzn, mf- 
7 ©ift^ffiL tst s Bts©*2 ^s^t-r So t»j* 

tt, — Iftfctt, MEM P I N S = 0 0 ©^/b— 7°t# 

sns 0 

[0 0 6 4] MEM_C ODE (BYT E_S E L) ff 
RAMI 6 £ ROM 1 8 Efrfe 8 tf7E '^h 
©ffi£{f^D_0UT£yU7/Wcffi^tS©}<:ffl^b 
ftS 0 M*a\ RAMI 6-3tt, 1 3 6Cyh©(|* 20 
fU ; e©ffi^ff^D_OUT«, v;bf-7V^^4 2 
KioT, 1 7 ©8 If 7 E - /UYtLX^)W7V7 
X£ftS 0 tftfj#€D_OUT©>VM4, MEM_C 
ODE ©itetttaStfi, C <fc t> , y-^yy -wwc 

iKsnSo 

[0 0 6 5] H5fc^f,fc5fc> V;I/^7°y^4 4 
tt> 80©v;l/f-7V^+f4 4-0^S4 4-7^# 

2 6©**yfr5Mfl|fc#* 5*132 0 8©tf> E 
ff^T S T_OUT£jS^LT> 6 4 tf y E©fPf DR 
AM_D0^8O©^;l/-7tLT4U$€S 0 ?7l/- 30 
7°1MI^MEM_P I NSB, v;Ef-7V^+E4 4- 
0^644-7 ©SRA*fc#^.6nSo 

[0 0 6 6] v;l/^7°Wt4 4-0 3 : 1 ©v;I/ 
^VT^TSD, TST_OUT{f^£RAMl 6 3 
-3, 1 6- l&tfl 6-2fr5>§it$D, ^ft^, 

JIM! ^me m_p i n s fr^n^nffio 0 , OK 1 

0£tf St^ta, ff ^ D R A M D O© If 7 E 7 : 

O^rffl^fSo ?;kf 1 7°ly^+J-4 4- ltt, TST_0 
UTff^R AMI 6 -2 2, 16-10fr63fr® 

^ft5>£\ j!MI^MEM_P I N Sft^ft^ftfji 40 
00, 0 l£tfS£^fca, ff^DRAM_DO©lf 
7M 5 : 8£ffU7tS 0 

[0 0 6 7] H6«, HISS 3 8 ftVMd LT 8 If 7 E © 
«I^D_T S T£iy/y#l/tl*gU g*T? 
1 3 6 If 7 E i 1? fe -*S#S C ©ff ^©Slg £ ftifc fe © 
£\ 7V7-9-3 6(-c#^S 0 Slia, 03T?fflV> 

[0 0 6 8] 0BS3 8^8 tf 7 h©ff^5 1 3 6 If 7 50 
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E©ff^£CS/j\ 06S3 8' a, 8t*7h©|§ 
£\ 2 If 7 E©t*Wjff^D_T S TtjS^LTV;!/ 
^7^7-9-3 6' ^ftfcJ;D, ff^D_TST 

£.3HHy/y#U ff^D_T S T©g*-ZMfg£^tf 

[0 0 6 9] ?;Vf^*3 6' a, 1? 
;l/^7V7-y3 6-0* fr6 3 6-7* fr^fiitSo Itf 
©A*{f^D_I N©f|^©tf 7 Ea, D_IN0fr5> 

d_i N7 tLTfissn, ^n^n, xvw^y?^- 

3 6-0' ^63 6-7* ©A*t#^5,tlSo ff^D 
_TST©ft^©tf7ha, D_TST0M~D_TS 
T 1 t LTH£Sft5„ tf 7 E D_T S T 0 a, fflSS 
g©v;Ef- TV^-tf-3 6' t^x^tlx ffi^TD_TS 
T 1 a^aSg©v;l/^7V7-9-3 6' ©A*t#^5> 

nso 

[0 0 7 0] fS©K*-7;Wf^T E S T_E N^D- 
•^feSiltta, lt©t^D_I N0^6D_I N7 
tt, v;l/-f 7V7-9 3 6-0' frS.3 6-7' ©ffi7J 

tf7h0^5 7 tLTX^7^y^tlSo 
*-7*;l/^TE S T_EN*Vs-i"f$8it£(t tf" 
7 h D_T S T 0 a, ffim#S©v;l/^7k^^3 6 - 

o' ^63 6-7* ©ffi^fcx^7^y^n, ftw 

T\ tf 7 h D_T S T ltt, tS#I©v;l/^7V7'9- 

3 6-o' ^636-7* ©ffi^tx^7^yy$n 

So 

[0 0 7 1 ] 07a, v;P^7V7^4 2©-WfcL/c 
fe©^0»bTKS*\ ilWt 4 2' tLT^ffS 
n> 8-3©3 : 1 ©v;l/^7V7-9-4 2-0' ^6 4 3 
- 7 ' ^SsScSo v;l,^7V7^4 2 t) % Wck.V 13 6 tf 
7fST©A^itf7 hS^-TSCi:^-?*?, 8tf 7 h 
©ffi7J^£i:S^\ ?;l/f^W4 2' S24lf7b 
©A^^tL, 8^7h©ffi^J^CSo cfcoT, 
f-fU7V-4Z' ^U7;l/t, 2 4tf7h©A7^§ 
v;l/^7V7XU 3M^©ffiM4C, ^tl^tl© 

[0 0 7 2] xVl/f-7W-9-4 2' '\©2 4 tf~7h©A 
7Jff^D_OUT©tf 7 hit, BIT0frSBIT23 

So Vfr??U?y-4 2-0' ^5.4 2-7' ME 
M_CODE (BYTE_SEL)|§tJ;oTX'f>y 

^y^tiSo ^©{f^o o©fett§ t?ta, 

^;^7V^^4 2-0' ^642-7' a, kf7EB 

I TOfrSB I t 7^^ne»©ffi*t^n ; e , ti7^7^ 

y^YSo ffi€MEM_CODE*MB0 l^fSfct 
ta, v;l/f"7V7-9-4 2-0' fr5 4 2-7' *\ tf 
7 E B IT 8^5»B I T 5 ^r^tlSCtB^t^tl^tlX 
^-yf-y^YSo ff^MEM_CODEaftl 0*#f 
Sttta, ^;l/f- 7V7+J-4 2-0' ^542-7' 
a, tf 7 E- B I T 1 6^5. B I T2 3^, ^tl5»©ffi* 

t^n^nx^ 7 ^y^t So 
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[0073] mmztitcmmmz, 8^<yhmt>\ 

So eitttt, RAMI 6WROM1 

h 3 0'\©;l/—r^ • T-#££/N<:f 
Sfc&©7-*x7^©{iM©M^&£o 8 try h 
cfc D ifl©£^ 7- F £tf 5 ^ ^ y ti, B Y T E _ S 

[0 0 7 4] mmit, flB©l£y l«y £-7f S7 

Wfft©R AMI 6M~ROMl 8li; 1 tl7 h/5t£ 
y^-y^ScfcdtfiiELffSo H£3 0©BYTE_ 
s E L if 7 h * U -\©;1/-tv y7Ktt$m?& 
%b\ zn^nv^ev JkW&fttmz. 8fg©i$iffltffr 

& < © * * y a, »c^$c© * * y § staff k £ 

[0075] *^©iH^e»«n^iit*< > sit 
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[0ffi©fffiTOM] 

[0 i ] w^nst a ^ * y «s«^frv7 7 

So 

[0 2 ] * * y |®SiSM?f- 38JB&© 7n 
7 70"££S O 

[H 3 ] ^ t y *$mmmm?% ^ y a* 

I So 

[a 4 ] *»)^y fflmwtoT-zumvmz* 

[0 5 ] *%B£©^y tiI&gB©ffl^;l^7V77 
[06] WJ!©^yMS«©A*77 7^77& 

[07] *^©^tyiiia«©ffi*/u MfRSK 



[an 



[02] 



(11) 



WP9-7 3 



\m ra ran ran ran nm 



QJMO - 



mt_cooE heilpins 



f ~we 



r 



15- 1 ZPt^J' W 

16- 2 [J 

16-22 nv*~' 

, s - !0 \J— m 

W-2J \K/~ U ~ 2 

16-15 f~ -23:16 

16-24 U 

16-20 rk/* w " J 

16- 13 — t- - 31:24 

16-11 IJ 



16-12 - 
16-18 - 



iTn — ~\K^ 44 ' S 

q F "54:48 

16S ' L— 1 

n-g ^L^<- 7 

1W ——J J— — 6J-.55 



(12) #M¥9-7 3 9 3 



[07] 




